We investigated the flowering probability and flower production in relation to plant size in a terrestrial orchid, Dactylorhiza majalis at 10 meadow sites in central and southwestern Poland. These sites differed in altitude (low, high) and management (presence or absence of mowing). At all sites, concentrations of nutrients in the soil were also measured. The probability of flowering increased significantly with the size of the plant in all populations, indicating that individuals do not flower until they reach a threshold size. Populations at high altitudes and the unmown sites had significantly lower threshold sizes for reproduction and showed sharp increase in flowering probability with plant size, compared to other populations. The threshold sizes for reproduction tended to decrease at sites rich in N and Mg and poor in P and S. Flower production was also size-dependent in all populations. Considerable between-site differences were found in the slope and the intercept of the regression between plant size and flower production. Flower production at some sites, at high altitudes, increased more steeply with plant size than at other sites. However, no pattern in size-dependent flower production was found relative to the measured environmental variables. Most of the size-dependent components of flowering probability were related to each other but not with the size-dependent flower production.
INTRODUCTION
Fitness may be defined as the ability of an individual to produce offspring that reach reproductive maturity (Begon et al. 2008) . Direct measurements of the fitness of individual plants are impossible (Lienert 2004) . Components of fitness used to estimate fitness of individuals are, for example, the flowering probability, number of flowers and seeds produced (Willems and Ellers 1996; Méndez and Karlsson 2004; Linert 2004; Weiner et al. 2009 ). Generally, number of flowers and number of seeds are correlated with the size of the producing plants (Willems and Ellers 1996; Ehlers and Olesen 2004; Kuss et al. 2008; Weiner et al. 2009 ). In many semelparous species, the probability of flowering is also size-dependent, so that plants must exceed a critical threshold size before flowering (Wesselingh et al. 1993 (Wesselingh et al. , 1997 Kuss et al. 2008; Kagaya et al. 2009 ). A threshold size that cues the onset of reproduction has also been found in some iteroparous species (Karlsson and Jacobson 2001; Pino et al. 2002; Méndez and Karlsson 2004) , although some species do not show evidence of a significant minimum size requirement for reproduction (Rees and Crawley 1989) . There are also a few species in which flowering probability depends on both size and age (Metcalf et al. 2003) . Threshold sizes for reproduction are frequently variable across plant populations, and in adverse environments they may tend to be lower than those in favourable environments (Wesselingh et al. 1997; Méndez and Karlsson 2004) . Bonser and Aarssen (2009) state that delaying the onset of reproduction in unfavourable environments could result in total reproductive failure if the environmental stress prevents a plant from achieving the optimal size for the initiation of reproduction. Variation in size-dependent reproduction has important implications for plant adaptation and fitness across environments (Bonser and Aarssen 2009 ). An organism may have greater evolutionary fitness over the long term if it postpones reproduction or limits the allocation of energy to reproduction in the current year (Rockwood 2006) .
For many terrestrial orchids, plant size is an important trait that determines the reproductive output. In some species, increased plant size leads to higher flowering pro-bability and/or greater production of flower or greater allocation of resources to flowering (Calvo 1990; Willems and Ellers 1996; Willems and Melser 1998; Primack and Stacy 1998; Wells et al. 1998; Brzosko 2002 Brzosko , 2003 Gregg 2004; Hrivnák et al. 2006 ). According to Wells et al. (1998) , Willems and Dorland (2000) and Kull (2002) , in some terrestrial orchids, achievement of a threshold size for reproduction is required for flowering. However, flowering does not only depend on the condition of a plant (expressed in size), but is also determined by external factors such as habitat, community structure and climate (Willems and Ellers 1996; Dijk and Grootjans 1998; Wells et al. 1998; Brzosko 2002 Brzosko , 2003 Janečková et al. 2006 ). Since there is general lack of information about the importance of environmental factors in size-dependent reproduction in terrestrial orchids, the objective of this study is to explore the effect of soil, topography and site management variables on the variation in size-dependent flowering probability and flower production of terrestrial orchid, Dactylorhiza majalis.
D. majalis is the most common meadow orchid in
Poland. It occurs from lowlands to mountains. It is not considered endangered nationwide, but the rapid decline of its natural sites or decrease of number of individuals in sites has caused it to be considered a near threatened species in southwestern Poland (Mirek et al. 2003; Kącki et al. 2003) . Conservation of threatened species requires knowledge of the effects of the environment on components of life-history strategy and hence fitness of a given species. This knowledge may be helpful for predicting population changes in the future. In this study, we tested whether: (1) the relationship between plant size and flowering probability and flower production change in different environments, (2) size-dependent flowering probability, threshold size for flowering, percentage reproductives and sizedependent flower production are correlated with each other and (3) variation in these size-dependent fitness components is significantly correlated with specific environmental variables.
MATERIAL AND METHODS

Species and study sites
The western marsh orchid [Dactylorhiza majalis (Reichenb.), Hunt et Summerhayes] is a long-lived, iteroparous, tuberous perennial growing mainly in Central Europe. It occurs in wet to damp meadows, marshes and fens, mostly on slightly acidic, neutral or alkaline soils. It tolerates light shade, but it does not grow in deep shade. The traditional management of meadows (regular yearly mowing) appears to have created particularly favourable conditions for its survival (Janečková et al. 2006) . Dormancy seldom occurs in prosperous populations of this species (Kindlmann and Balounová 1999 Individuals of D. majalis from ten sites (1-10) were examined, during full flowering, in June 2007. These sites represent a diverse assemblage of wet meadow communities in central (sites 1-3) and southwestern (sites 4-10) Poland. Sites 1-5 were located at low altitudes, in the Central Polish Lowland (130-160 m above sea level), and sites 6-10 at high altitudes, in the Sudety Foothills (sites 6, 7; 290, 320 m above sea level, respectively), and in the Sudety Mountains (sites 8-10; 620-670 m above sea level, respectively). The geology was heterogeneous with serpentinite (sites 6, 7), sandstone (sites 9, 10) bedrocks and mixed sediments (sites 1-5 and 8). The sites were distributed among forest and grasslands and differed in management regime. Six of them were mown every year (sites 1-4 early mown, in July, and sites 9, 10 late mown, in August), and four sites (5-8) were unmown. None of the sites was artificially fertilized. We obtained the information regarding the management regime of each site through personal observation and interviews with site managers. All studied populations contained more than 50 flowering individuals. The main characteristics of the sites and populations are listed in Table 1 .
Data collection Measures of fitness components
Ten (sites 1-5) and fifteen (sites 6-10) 1×1 plots were randomly chosen within each population with the aim of having at least 50 plants per site. In each plot, we counted the number of reproductive plants (individuals with flowers) and vegetative plants (non flowering). Length and width of each leaf (in cm) of each of these individuals were measured and total leaf area of the plant was estimated. Total leaf area (plant size hereafter) was calculated by summing up the product 0.5 × (leaf length) × (leaf width) for all leaves of a plant (Kindlmann and Balounová 1999; Janečkova et al. 2006) . For all reproductive plants in each of the study plots, we also counted the number of flowers per plant. Afterwards three plant classes were distinguished: ( 
Soil samples
For all locations, where fitness components were determined in D. majalis, ten or fifteen soil samples (15 cmdeep cores) were taken in the neighbourhood of the sampled plants. The samples were air-dried, thoroughly mixed and sieved (2 mm). Plant-available nutrients i.e., P and K, Ca, Mg were extracted using a 0.03 M acetic acid solution and 1 M ammonium acetate solution, respectively. Phosphorus was colorimetrically measured with vanadium molybdate, and K, Ca and Mg levels were measured by flame atomic absorption spectrophotometery (FAAS; GBC Avanta PM). Soil total N content was measured using the Kjeldahl's method in an Autoanalyzer (Vapodest 40 Distillation Unit, Gerhardt), and total S content was measured by LECO-144 SC Analyzer. All the analyses were done in duplicate. All results for soils were calculated on a dry weight basis. The pH was measured using a pH meter (CP--104) in 1 M KCl extract of the soil: KCl ratio of 1:2.5.
Data analysis
The sites were characterized according to their environmental variables by means of a principal component analysis (PCA). Variables considered were: altitude, soil N, P, K, Ca, Mg, S and pH (Table 1 and 2). The environmental variables having a loading greater than 0.6 in a factor were considered as related to that factor. The results of the PCA analysis were visualized by means of diagrams obtained by overlapping scores and loadings plots for PC1 vs PC2 (Legendre and Legendre 1998) .
To describe the relationship between plant size and the flowering probability and to test for differences between the sites, we used the logistic equation (Wesselingh et al. 1993 (Wesselingh et al. , 1997 Méndez and Karlsson 2004) p f = 1/(1 + e µ + αx ) where x is plant size (estimated total leaf area in cm 2 ), and p f is the flowering probability.
Parameters µ and α of the fitted logistic curve determine the intercept with the X-axis and the slope of the curve, respectively, and can be related to the threshold size for reproduction and percentage reproductives (Wesselingh et al. 1993) . Both parameters are estimated by maximization of the likelihood function L(µ, α), yielding an L max . The Vol. 80, No. 2: 129-138, 2011 131 ACTA SOCIETATIS BOTANICORUM POLONIAE method is described in detail by Wesselingh et al. (1993 Wesselingh et al. ( , 1997 . According to Méndez and Karlsson (2004) , in addition to µ and α, the following variables which can be related to flowering probability were calculated: the size of the smallest reproductive individual (SRI); the average threshold size (ATS), i.e. the size at which a plant has a 50% probability of flowering, obtained as ATS = -µ/α the transition range (RAN), i.e. the difference between the biggest vegetative and the smallest reproductive individuals; and the percentage of reproductives (%R), calculated as the percentage of individuals equal or larger than SRI which were reproductive. Differences between sites in %R were tested by means of a G-test (Zar 1999) .
Simple linear regression was used to examine the relationship between plant size and flower production and differences in regression lines among populations were compared by ANCOVA (Zar 1999) .
The PCA analysis was also executed with plant variables representing size-dependent fitness components (Table 3) : µ, α and SRI, ATS, RAN and %R and slope (b) and intercept (a) of the regression between plant size and flower production. Plant variables having a loading greater than 0.6 in a factor were considered as related to that factor. The results of the PCA analysis were visualized by means of diagrams obtained by overlapping scores and loadings plots for PC1 vs PC2 and PC1 vs PC3.
To investigate whether there was a relationship between environmental variables and size-dependent fitness components, sample scores for principal components were used as environmental variables for further multiple, stepwise regression analysis (with forward stepwise procedure). Parameters µ, α, b, a and ATS, SRI, RAN and %R were used as dependent variables. PCA axes representing environmental variables (altitude and soil macro-elements) were used as independent variables (Sokal and Rohlf 2003). All calculations were done using the CSS Statistica 8.0 program (StatSoft, Inc. 2008) .
RESULTS Environment
In the PCA of environmental variables (Tables 1 and 2 , Fig. 1 ), the two main extracted factors together explained 71% of the observed variation in the variables. The first factor, accounting for 41% of variation, was mainly related (Tables 1 and 2 ). Sites 1-5 are at low altitudes and 6-10 are at high altitudes.
to soil N and Mg concentrations and soil pH in the positive side and soil P concentration in the negative side. Soil Ca and K concentrations had similar loadings (≈0.5) on the positive side of the first factor. The second factor, accounting for 30% of variation, was mainly related to soil S concentration in the positive side and altitude in the negative side. Soil Ca and K concentrations had similar loadings (≈0.6) on the positive and negative side of the second factor (respectively). These factors can be interpreted as gradients in soil richness and altitude. Overall, two groups of sites could be distinguished ( Fig. 1) : (a) low altitude sites (1-4) had negative values for the first factor and positive values for the second factor (acid soils, moderately rich in P and S, poor in N and Mg), (b) high altitude sites (6-10) with positive and negative (near to zero) values for the first factor and negative values for the second factor (acid to slightly acid soils, poor in P and S, moderately rich in N and moderately rich to rich in Mg). The remaining low altitude site (5) is isolated from other sites. This site had positive values for both factors. The soil at this site is slightly acid, relatively rich in N, S and poor in P. Furthermore, the mown sites (1-4 and 9, 10) and the unmown sites (5-8) were differentiated in the value of factor 1, which was mainly related to N, P, Mg and pH (Fig. 1) .
Size-dependent fitness components
Logistic regression indicating plant size is a robust predictor of flowering. Flowering probability significantly increased with plant size at all sites (all P < 0.0001; Table  3 ). The fitted curves, based on the maximum likelihood analysis of the data of each site are presented in figure 2. All curves differ significantly from each other, when log likelihoods are compared (χ 2 9 = 35.45; P < 0.0001). Only three sites (6-8, unmown) , at high altitudes, showed a steeply increasing flowering probability with plant size. At others such as 1-4 (mown), at low altitudes, the fraction flowering increased more gradually with plant size, and large, vegetative plants were found at these sites (Fig. 2) .
This difference between these sites in the fitted curves is caused by smaller (more negative) µ and larger α for the sites 6-8 (Table 3 ). In agreement with the above-mentioned results, the transition ranges (RAN) for the sites 6-8 were quite narrow, indicating a sharp boundary between vegetative and reproductive plants with narrow overlap in size between each stage. The transition ranges for the sites 1-4 were wide, indicating a more gradual transition from vegetative to reproductive status and a large overlap in plant size of flowering and vegetative individuals (Table 3, Fig.  2) . Overall, the plants growing at low altitudes (sites 1-5) had much higher threshold sizes for flowering than those at the high altitudes (sites 6-10), indicating the presence of a large variation in threshold sizes at the low altitudes. The plants at mown sites (1-4 and 9,10) had higher threshold sizes than those at unmown sites (6-8 except site 5).
Furthermore, different populations had quite different average threshold sizes (ATS) and the smallest reproductive individual (SRI) values (Table 3, Fig. 2 ). Smallest reproductive individuals were found at two sites (1 and 4, mown), at low altitudes. Three sites (1-3, mown), at low altitudes, showed the highest ATS values (Table 3 , Fig. 2) .
Percentage of reproductives (%R) ranged from 49 to 95% (Table 3 ). All sites (except sites 1-3, mown, low altitude) clustered around percentage of reproductives between 79-95%. There were significant differences between sites in percentage of reproductives (G 9 = 34.38; P < 0.0001).
Linear regressions indicating plant size is also a robust predictor of flower production. Flower production significantly increased with plant size at all sites (most P < 0.001, Table 4 ). Percentage of variance explained by the regression ranged from 19 to 51%.
ANCOVA showed significant differences in slope (F 9, 516 = 26.49; P = 0.013) and intercept (F 9, 516 = 154.41; P < 0.001) values among sites. One unmown site (5), at low altitude, exhibited significantly higher intercepts than other sites. Other sites, such as 6 and 9 (unmown and mown, res- Vol. 80, No. 2: 129-138, 2011 133 ACTA SOCIETATIS BOTANICORUM POLONIAE Fig. 2 . Relationship between plant size (total leaf area in cm 2 ) and flowering probability for each of the 10 sites (bold lines indicate the unmown sites). Segments above the curves indicate the transition range (RAN) and the average threshold size (ATS) for each sites (Table 3). pectively), at high altitudes, showed the highest slopes (Table 4 ). This observation suggests that flower production at some sites at high altitude increased more steeply with plant size than at other sites.
Relationships between size-dependent fitness components
In the PCA of plant variables representing size-dependent fitness components (Tables 3 and 4) , the three main extracted factors together explained 94% of the observed variation in the variables. The first factor, accounting for 51% of variation, was mainly related to variables representing flowering probability (SRI, α and %R in the positive side and RAN and µ in the negative side; Fig. 3 ). Second factor, accounting for 28% of variation, was mainly related to the parameters of the equations describing sizedependent flower production (a in the positive side and b in the negative side). Third factor, accounting for 15% of variation, was mainly related to ATS in the negative side (Fig. 3) .
Among the variables representing size-dependent fitness components, the percentage reproductives (%R) was strongly, positively related to α and weakly, negatively related to µ (Fig. 3) . %R was also strongly, negatively related to RAN and ATS. However, RAN was not correlated with ATS. This indicates that sites in which RAN, ATS and µ decreased with percentage reproductives (%R) were also those in which flowering probability increased in a steeper way with plant size. This is consistent with the positive relationship between RAN and µ and the negative relationship between RAN and α as well as the negative relationship between parameters µ and α (Fig. 3) . The negative relationship between parameters µ and α indicates that the sites in which flowering probability increased at smaller size were also those in which flowering probability increased in a more steep way with increasing size. Further, SRI was positively related to α and negatively related to RAN and µ. Thus, there was a trend in the data-set for sites exhibiting higher SRI and α and lower RAN and µ. Parameters b and a were negatively correlated to each other, but not to variables related to flowering probability (Fig. 3) . Results from figure 3 also agree with the correlation table between plant variables related to size-dependent components across sites (Table 5 ).
In the space defined by the three factors extracted by PCA, sites were arranged in a way consistent with the above-mentioned results (Tables 3 and 4 , Fig. 2 ). The unmown sites (6--8), at high altitudes, showed narrow RAN, high α and %R; while others, such as mown sites (1-4), at low altitudes, showed wide transition ranges (RAN). Sites 1 and 4 also showed the lowest SRI values and site 3 the highest ATS. Intercept (a) was the highest at unmown site (5), at low altitude, while the unmown site (6) and the mown site (9), at high altitudes, showed the highest slopes (b).
Size-dependent fitness components and environment
Significant (P < 0.05) multiple stepwise regression models was found for all the response plant variables except for the ATS, b and a (R 2 = 0.14, P = 0.581; R 2 = 0.14, P = 0.594 and R 2 = 0.19, P = 0.219, respectively). Explanatory variables representing environmental gradients, i.e. soil richness and altitude (PC axes) showed a significant effect after forward selection for RAN, %R, SRI, µ and α (Table  6 ). The standard partial regression coefficient (β) indicated that RAN and µ correlated negatively with PC1 (increasing N, Mg and pH, and decreasing P), and positively with PC2 (increasing S and decreasing altitude). The relationship was significantly positive (P < 0.05) between PC1 and α, %R and SRI, and negative between PC2 and α. TABLE 4. Mean flower production and plant size (total leaf area of flowering individuals in cm 2 ) of Dactylorhiza majalis from 10 sites. Slope (b) and intercept (a) values, percentage of variance explained (R 2 ) and significance (P) are given for the regression analyses relating number of flowers to plant size. Sample size (n) for each site is indicated in the last column. 
DISCUSSION
Wide ranges of soil nutrient concentrations were observed for all elements across the study sites. In this study, only concentrations of soil N at all unmown sites both at low altitude and high altitude and Mg at two sites, on serpentine-derived soils, exceeded the normal levels reported for mineral soils in Poland. However, maximum concentrations of the N detected in the soils in this study do not approach those documented for the organic soils found in Poland (Mazur 1991), but rather seem to be representative of levels encountered in unmown meadow areas. These soil Mg concentrations at serpentine sites are in agreement with those presented by Kruckeberg (2004) , confirming that the serpentine soils typically contain higher levels of Mg. According to Dijk et al. (1997) , Dijk and Grootjans (1998) the availability of N and P plays a critical role in orchid growth and survival. In our study, at all the sites, soil P levels were absolutely low, but at the mown sites, at low altitudes, were relatively higher than those at the other sites.
Flowering in Dactylorhiza majalis appears to be strongly size dependent. The probability of flowering significantly increased with the size of the plant in all populations, indicating that individuals do not flower until they reach a threshold size. This is in agreement with Wells et al. (1998) , Willems and Dorland (2000) and Kull (2002) , who state that in some terrestrial orchids, flowering is dependent on a threshold plant size. Vol. 80, No. 2: 129-138, 2011 135 ACTA SOCIETATIS BOTANICORUM POLONIAE Fig. 3 . Ordination of the 10 sites (squares and dots) along three axes extracted by a PCA analysis based on eight variables related to size-dependent fitness components, measured at each site (Tables 3 and 4) . Sites 1-5 are at low altitudes and 6-10 are at high altitudes.
Our results demonstrated that there were significant differences within and between the sites in threshold size for flowering in D. majalis. According to Wesselingh et al. (1997) and Mendez and Karlsson (2004) , size-dependent flowering can be environmentally influenced. Plants growing at low altitudes had much higher threshold sizes and flowered at larger size than those growing at high altitudes. Within-population variation in threshold size was larger in mown sites than unmown sites. Furthermore, the plants growing in mown sites of low altitudes exhibited the largest variation in threshold size for flowering. Plants from unmown sites of high altitudes showed the smallest variation in threshold size and sharp increase in flowering probability with size. These results are in agreement with studies showing that the threshold size for flowering should decrease in adverse environments as adaptive response to environmental adversities (Berrigan and Koella 1994; Mendez and Karlsson 2004; Bonser and Aarssen 2009) . Plants growing at higher altitudes are commonly smaller than their low-altitude counterparts. A small size at high altitudes is usually considered as an effect of the severe climate. In this environment, plants have tendency to initiate reproduction at a smaller size (Karlsson and Jacobson 2001) . Moreover, the lowered threshold size for flowering at unmown sites may also be a result of the lack of mowing and enhanced competition with surrounding vegetation. According to Wotavová et al. (2004) and Janečková et al. (2006) , mowing may influence the morphometric characteristics of D. majalis at the sites via its effect on the species composition. These authors also state that mowing of competing vegetation, every year, appears necessary to maintain the large flowering individuals of D. majalis.
Flower production in D. majalis appears to be strongly size dependent. Our results detected a significant, positive correlation between plant size and flower production at all sites. This is in agreement with Hrivnák et al. (2006) , indicating that flowering D. majalis individuals, likely use some energy achieved from photosynthesis to the production of flowers in the same season. A significant positive relationship between plant size and flower production has been documented for other terrestrial orchids, for example, Cyclopogon cranichoides (Calvo 1990) , Orchis simia (Willems and Ellers 1996) and Cypripedium acaule (Primack and Stacy 1998).
There was also significant difference between sites in size-dependent flower production. According to Willems and Ellers (1996) , relationship between plant size and flower production in terrestrial orchids can be environmentally influenced. Our results showed that at some sites, at TABLE 6 . Multiple stepwise regression analysis (forward selection) of environmental variables (two PC axes) on size-dependent fitness components of Dactylorhiza majalis. Only the significant models and the significant predictor variables, after forward selection are shown. Directions of associations (+ or -) between the variables and the two PCs are presented. β = standardized partial regression coefficient; t = t-statistic; P = probability level; df = degrees of freedom; MS = mean square; F = F-statistic; R 2 = square multiple regression coefficient.
high altitudes, the fit flower production on plant size had slope clearly higher than at other sites. This indicates that individuals of D. majalis may change their allocation strategy, investing relatively more in flower production with increasing plant size. However, no pattern in size-dependent flower production was found relative to the environmental gradients (soil richness and altitude).
The results of stepwise regression analysis enabled identification of the environmental gradients that best explain the variance patterns of the flowering probability and the variables related to flowering probability. The range of threshold size and parameter µ of the logistic regression line describing size-dependent flowering probability decreased with increasing soil N and Mg concentrations and altitude and decreasing soil P and S concentrations. On the contrary, parameter α of the logistic regression line correlated positively with these environmental gradients. The percentage of reproductives in the populations tended to increase at the sites rich in N and Mg, and poor in P. Variation explained by these environmental gradients was high and ranged from 64% to 93%. According to Bonser and Aarssen (2009) , environmental conditions limiting growth or increasing mortality can favor the initiation of reproduction at relatively small sizes. Dijk and Olff (1994) demonstrated that the N and P fertilization decreased frequency, total biomass and flowering of D. majalis in hay meadows, in contrast to the application of K suggesting that beside changes in competition equilibrium, direct toxicity of high nutrient levels might also play a role. In asymbiotic culture, however, the species showed optimal growth at low N, but high P concentrations. Moreover, higher N concentrations were shown to affect growth of D. majalis seedlings negatively in asymbiotic culture (Dijk and Eck 1995) . Our data suggest that plants at the high altitude sites, rich in N and Mg and poor in P and S were more likely to enter the reproductive phase than the plants with a similar size at other sites. Furthermore, the populations of D. majalis tended to increase reproductive probability (through the percentage of reproductives) in environments that are generally unfavourable to their persistence and growth (Dijk and Olff 1994) .
Most of the size-dependent components of flowering probability were correlated with each other. No significant relationship was found between range of the threshold size and the average threshold size (i.e., the size at which the flowering probability is 50%). Similar result was obtained for biennial Cynoglossum officinale (Wesselingh et al. 1993 ). An opposite result was reported for perennial Pinquicula vulgaris (Mendez and Karlsson 2004) where a positive relationship was observed between range of threshold size and the average threshold size. Mendez and Karlsson (2004) , however, did not find significant relationships between parameters µ or α of logistic regression line describing flowering probability and the range of threshold size and the percentage of reproductives. Our results indicated that the stepper slope of logistic regression line describing flowering probability (parameter α) was negatively related to the range of threshold size, suggesting a trade-off between the measured size-dependent fitness components. Further the parameter α was positively related to a larger percentage of reproductive individuals. No significant relationships were found between size-dependent flowering components and size-dependent flower production.
In conclusion, considerable between-site variation was found for size-dependent flowering components and sizedependent flower production in D. majalis. Variation in size-dependent flowering probability, the threshold size for reproduction and the percentage of reproductives was significantly related to altitude, soil nutrient level and site management (mowing). However, no pattern in size-dependent flower production was found relative to the measured environmental variables. Most of the size-dependent components of flowering probability were related to each other but not with the size-dependent flower production.
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